Some Remarks on Diabetic Acidosis * by Peters, John P.
JOHN P. PETERS Department of Internal Medicine, Yale University School of Medicine
SOME REMARKS ON DIABETIC ACIDOSIS*
Whether or not, as Pope said, "the proper study of mankind is man," the
egocentricity and introspective preoccupation of genus homo has made this
study his favorite indoor sport. Although he is as filled with general insati-
able curiosity as Kipling's elephant child, this self-preoccupation has tended
to orient this curiosity in the direction of his own experiences and especially
towards the escape from labor and suffering and the acquisition of power
and possessions. It is not strange, therefore, that the phenomena of disease
have been so often the initial stimuli to fundamental biological investiga-
tions and discoveries. This has been particularly true in the fields of physi-
ology and biochemistry. These sciences owe much to astute observations
and inferences of members of the medical profession. It is hard to imagine
what our knowledge of intermediary metabolism would be today if its
investigation had not been so largely dominated by its origin in the mys-
teries of diabetes. The discovery by v.Mehring and Minkowski that a
similar condition could be produced in other animals, especially the docile
dog, by removal of the pancreas, permitted the physiologists to exploit the
disease. Although this contributed greatly to fundamental knowledge of
both intermediary metabolism and diabetes, the literal translation of
phenomena observed in an omnivorous animal into terms of the reactions
of a carnivorous animal inured to a diet lacking preformed carbohydrate
led to a variety of erroneous conclusions. Particularly it tended to center
interest upon the combustion of carbohydrate and to divert it from the other
disorders that are found in human diabetes, especially the disorder of fat
metabolism manifested in ketosis and its consequences.
In a highly complex organism it is seldom possible to disturb one set of
equilibria without affecting others. It was early recognized that the
phenomena of human diabetes, especially of ketosis, extended beyond the
boundaries of intermediary metabolism into the provinces of acid-base and
electrolyte equilibria and water exchange. Since these secondary disturb-
ances do not, however, attain the magnitude in convenient experimental
animals that they do in man, their elucidation has been largely the task of
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clinicians. In the continuing cycle of exchange these contributions of medi-
cine have opened new vistas for physiological exploration.
Although I was at that time ostensibly studying cardiac dyspnea, the first
paper that I published on my own, in 1917, dealt with the disorders of acid-
base equilibrium and respiratory exchange in diabetic acidosis. Although
my major scientific interest has never been diabetes per se, I find that since
that time I have been guilty of publishing 22 articles on the subject, 15 of
which dealt particularly with acidosis. The information to be culled from
this source seems inexhaustible and its clinical implications of prime sig-
nificance. I suspect that there will be further lessons to be learned from it
by my grandchildren.
Diabetic acidosis is the natural consequence of the inability of an animal
that is conditioned to subsist on a carbohydrate or mixed diet to oxidize
carbohydrate; ketosis may be regarded as an adaptation to deficient carbo-
hydrate combustion. Although it has been known for a long time that fat can
be formed from carbohydrate, it has only recently been recognized that this
conversion is not an occasional process, usually confined to fattening pigs
and gluttons, but a normal route for the utilization of carbohydrate; that
fat is probably the chief source of the energy used in ordinary life. Con-
version of carbohydrate to fat, however, requires the expenditure of a cer-
tain amount of energy and cannot, therefore, be effected if there is no
carbohydrate available or if carbohydrate cannot be oxidized.
Figure 1 is a rough diagrammatic attempt to outline some of the major
steps of intermediary metabolism.' The circle at the bottom represents the
Krebs' cycle, the device or burner in which products derived from the food-
stuffs are oxidized to provide energy for vital activities. The cycle which is
depicted as moving clockwise begins and ends with oxaloacetic acid. This
means that any compound that enters must be completely consumed in the
cycle. Oxaloacetate may react with pyruvic acid, a 3-carbon group, to form
the next member of the cycle, a 6-carbon group, after the initial loss of one
carbon. A properly constituted 2-carbon group can serve the purpose
equally well. In either case in its course around the cycle the added com-
pound is completely oxidized to CO2 and H20. Both fatty acids and carbo-
hydrate in preparation for combustion form 2-carbon groups; but appar-
ently, in the absence of carbohydrate products or the ability to burn carbo-
hydrate products because insulin is lacking, the device breaks down or is
clogged. To maintain the cycle, only a small amount of carbohydrate need
be burned and this is not dependent upon the total amount of fuel oxidized.
This modicum of carbohydrate is not, therefore, required for energy pro-
duction, but to keep the burner going. If it is not provided, the formation of
fat from carbohydrate is impaired. It was quite a shock to learn that one of
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the chief actions of insulin is the potentiation of this conversion. In addition,
2-carbon fractions formed from fatty acids are coupled in the liver to form
the 4-carbon ketone bodies, acetoacetic and /8-hydroxybutyric acid which
are burned in the tissues. In diabetic acidosis, since utilization of carbo-
hydrate is reduced to a minimum, the whole burden of energy production
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FIG. 1. A schematic representation of the interrelationships of the foodstuffs in
intermediary metabolism.
falls upon fat. The combustion of ketones, however, accounts for only a
fraction of the total fat consumed. The remaining energy is, therefore, pre-
sumably derived from combustion of the 2-carbon derivatives of fatty acids
in the tissues. That these are indeed consumed in the Krebs' cycle has been
demonstrated. It has also been shown that the ketone bodies are oxidized in
this cycle. It has, therefore, been proposed, but not conclusively proved, that
the 4-carbon ketone bodies are used to replace the 4-carbon oxaloacetic
acid when products of carbohydrate metabolism are not available, thereby
maintaining the integrity of the Krebs' burner.
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Under these circumstances the demand for carbohydrate is greatly
increased while its disposal is diminished in two ways: it can neither be
burned nor converted to fat. Not only is glycogen broken down, but the
destruction of protein increases, adding further to the load of glucose.
Blood sugar rises to phenomenal heights and glycosuria ensues with con-
sequent diuresis. The production of ketone bodies also rises, exceeding the
capacity of the tissues to oxidize them. Either the liver is overgenerous in
its anxiety or ketone bodies are less efficiently used than the usual products
of carbohydrate metabolism that they are replacing. Since these ketone
bodies are relatively strong acids they displace bicarbonate from combustion
with the sodium of the extracellular fluids, producing acidosis and dyspnea.
The transfer from a food mixture containing carbohydrate to one that
consists entirely of protein and fat entails a major adaptive change in the
procession of chemical reactions that constitute intermediary metabolism.
Reversal of this revolutionary change requires a certain amount of time. If
a person is subjected to starvation or carbohydrate starvation, the respira-
tory quotient after an interval approaches 0.70, indicating that energy is
being derived chiefly or entirely from fat. At the same time ketosis appears.
If, under these circumstances, a dose of glucose is taken, the respiratory
quotient does not rise for an appreciable interval; the blood sugar rises
excessively and remains elevated unduly long; sugar may appear in the
urine. If insulin is given, its action is delayed and its effects on the blood
sugar are smaller. The effects of carbohydrate starvation are exaggerated
or accelerated by exercise because, besides accelerating the combustion of
carbohydrate, insulin promotes formation of fat from carbohydrate and re-
tards the formation of carbohydrate from protein. The starvation diabetes
produced by insulin does not, of course, begin when insulin is given; at that
time the oxidation of carbohydrate is accelerated. It follows hypoglycemia,
which marks the exhaustion of endogenous stores of carbohydrate. In con-
trast, the utilization of carbohydrate is greatly augmented by the admin-
istration of carbohydrate. All these phenomena are exaggerated in the
diabetic subject, in whom the combustion of carbohydrate is already
impaired.6
If diabetic ketosis and acidosis are natural consequences of the inability
to oxidize carbohydrate, they cannot be attributed to overindulgence in
carbohydrate food per se. On the other hand, ketosis and acidosis should
follow protracted periods of hypoglycemia from insulin. As a matter of
fact, as the result of prolonged investigation of starvation phenomena in the
diabetic, we have come to the conclusion that a large proportion of acidotic
episodes, especially in children and unstable adults, are precipitated by
hypoglycemic incidents. Vomiting, since it prohibits provision of carbo-
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hydrate, is another chief offender. It may be a precipitating cause of diabetic
acidosis or an aggravating element in its development. The other main
causes of acidosis are infections and omission of insulin, which primarily
impair the combustion of sugar. With these considerations of the nature
and causes of ketosis in mind, it should be possible to forestall a large
proportion of acidotic episodes.
A certain proportion of the disorders that make up the picture of acidosis
precede the development of this condition, arising from the hyperglycemia
and profuse glycosuria that usher it in. Among these are wastage of salt
and the reductions of sodium and chloride in the serum that have long been
recognized as characteristics of fully developed acidosis. The mechanism by
which they are produced was defined by Seldin and Tarail.8 Since the cells
of the body are not freely permeable to glucose, the effective osmotic pres-
sure of the extracellular fluid increases when the blood sugar rises. (The
term effective osmotic pressure is applied to the osmotic pressure of those
components that do not traverse cellular membranes and therefore deter-
mine the distribution and transfers of water between the cells and the extra-
cellular fluid.) Ordinarily the effective osmotic pressure is produced almost
entirely by sodium salts; but glucose, other saccharides, and mannitol con-
tribute to it when they accumulate in the extracellular fluid. The increase of
effective osmotic pressure owing to the accumulation of such substances
draws water from the cells, which consequently become dehydrated. The
water thus withdrawn from the cells dilutes the extracellular fluid, causing
the concentrations of sodium and chloride in the serum to fall. Part of the
reduction of sodium and chloride in the serum in diabetic acidosis must be
attributed not to the loss of these ions in the urine, but simply to dilution
by this water derived from the cells. This reaction is illustrated in Figure 2,
constructed from data of Seldin and Tarail.8 The total height of each
column represents the osmolar concentrations of sodium salts and glucose
combined, the upper black segment representing the contribution of glucose.
In each triad of columns the left-hand column is the initial or normal pat-
tern of the serum in which glucose plays a negligible part. The second
column shows the effect of raising the concentration of glucose by intra-
venous injection of 25 per cent glucose solution.
In the first experiment the concentration of glucose in the serum was
raised to about 800 mg. per cent. The total osmolar concentration rose
sharply, but the concentration of sodium diminished strikingly, although
the amount excreted in the urine, indicated by the figures below the
columns, was relatively small. That the drop of sodium was not referable
to excretion, but dilution, is more convincingly proved by the fact that its
concentration returned to normal when the sugar had been burned, although
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the excretion of salt increased in the second period. Such an increase of
effective osmotic pressure should have an antidiuretic effect and doubtless
would eventually have such an effect if the subject were not allowed any
water. An indication of such an antidiuretic effect is evident if the first
experiment on a relatively dehydrated subject is compared with the second
on a well-hydrated sub-
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FIG. 2. The effect of the intravenous injection of
hypertonic glucose solution on the serum and urine. salt while retarding the
excretion of water. This
reaction appears to be used as a defense against hypertonicity even when
this is due to components other than sodium chloride, such as glucose. In
these experiments the excretions of sodium and chloride increased while
blood glucose was elevated, although their concentrations in the serum were
reduced, and fell again when the glucose had been consumed, although their
concentrations in the serum rose. Sodium chloride may be regarded as the
instrument by which the effective osmotic pressure of the serum is regu-
lated. The broken lines on the columns represent the concentration of
chloride. You will note that the changes of chloride and sodium in the
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serum and their excretions in the urine are very similar. Hyperglycemia
does, therefore, induce absolute depletion of sodium and chloride in the
body; however, so long as hyperglycemia persists, the magnitude of the
depletion is not so great as the depressed concentrations of sodium and
chloride in the serum indicate.
In addition, the extreme diuretic effect of the glucose causes dehydration.
Because of the hyperglycemia the cells participate in this in the manner
described above. The extracellular fluid, however, bears the greatest brunt
of the dehydration. If the hyperglycemia is eliminated without provision or
sufficient water, the cells will withdraw water from the extracellular fluid,
restoring their own hydration, but exaggerating the dehydration of the
TABLE 1. WATER CONTENT OF LACTESCENT SERUM
Cholesterol Lipid Neutral
Case Serum Water Sodium Total Free P Fat
% mEq./L mg. % mg. % mg. % mEq./L
B82609 Original 72.7 102.5 .... ... ... ....
Bottom 90.2 135.0
Original 72.5 103.0 1219 581 53.0 478.0
Bottom 91.3 134.5 115 ...
Original 78.0 115.5 1508 683 50.0 361.0
Bottom 93.7 135.9 200 95 11.2 21.6
39-38-38 Original ... 120.0 1045 271 30.0 149.6
Bottom 93.2 140.2 280 ... 17.0 26.7
extracellular fluid. Vomiting accelerates the dehydration, and water given
by mouth, while vomiting continues, enhances the dehydration, at the same
time removing salt in excess of water.
The argument must be diverted for a moment to mention another feature
that may confuse the interpretation of concentrations of electrolytes in the
serum in diabetes. Recently a patient was admitted to the hospital with
diabetic xanthomatosis and extreme hyperlipemia with lactescent serum.
Although he did not seem extremely ill, had only moderate hyperglycemia
and slight reduction of C02, the sodium and chloride of the serum were
102.5 and 74.5 milliequivalents per liter respectively. When the serum was
centrifuged at 18,000 r.p.m., a speed at which the proteins are not layered,
an extremely thick layer of fat collected at the surface of the serum. Analy-
sis of the subnatant clear fluid revealed sodium 135.0 and chloride 102
mEq. per liter. The serum proved to have less than 80 per cent of water
instead of the usual 92 per cent. The low concentrations of electrolytes
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observed in the whole serum were due merely to displacement of water by
insoluble lipids. This is illustrated in Table 1. It will be noted that although
the concentration of sodium in the whole serum rose as the hyperlipemia
diminished and the water of serum increased, its concentration in the sub-
natant fluid, marked "bottom," remained approximately constant and nor-
mal throughout.' The same was true of the concentrations of other electro-
lytes. Obviously when serum lipids-or at least insoluble lipids-are high,
concentrations of electrolytes in serum require correction. The same
phenomenon is illustrated in the last serum from a child with nephrosis.
This may explain the puzzling low values for sodium encountered in some
patients with this condition. It may be necessary to incorporate as part of
accurate serum analyses measurements of water. Hyperlipemia and lac-
tescence are common in diabetic acidosis. Reduction of the concentration of
electrolytes in the serum in this condition may, therefore, be partly specious.
The sequence of events in the development of diabetic acidosis has been
presented in this manner, quite apart from ketosis, to emphasize dehydra-
tion and salt loss, the chief causes of the shock and coma that characterize
the condition. The major portion of the reduction of bicarbonate is the
product merely of the replacement of this anion by ketone acids. To this
extent it can and will be reconstituted as soon as the excessive production
of these acids is abolished and the ketone bodies that have accumulated in
the body have been burned. These two ends will be rapidly accomplished
when the ability to burn carbohydrate is restored. The sodium combined
with ketone acids is potentially bicarbonate. For therapeutic purposes in
diabetic acidosis the difference between sodium and chloride is a more
useful measure of bicarbonate than is bicarbonate itself. It is doubtful
whether bicarbonate is ever urgently required; certainly it is not indicated
if the bicarbonate plus potential bicarbonate is 30 mEq. or more. Under
these circumstances it can only distort, not correct, the electrolyte pattern
after ketosis is eliminated, by providing an excess of sodium. Administra-
tion of sodium lactate seems even less rational. If the lactic acid were
burned, administration of this compound would be equivalent to the admin-
istration of sodium bicarbonate. Since lactic acid is probably not burned,
but is converted to glycogen and then to glucose in severe acidosis, it is
equivalent to sodium bicarbonate and glucose. Yet some who shudder at
the use of glucose give lactate with complacency. Some sodium previously
combined with bicarbonate is, to be sure, excreted with ketones in the
urine before ammonia takes over the burden. However, this is not great and
the kidneys, if given a reasonable chance to function, are able to adjust
differences between ions with great facility.
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In Figure 3 is shown graphically the initial status of 9 patients with
diabetic acidosis described by Seldin and Tarail.9 The first column depicts
the serum of the average normal adult. The total height of each column
represents the total osmolar concentration of those elements of the effective
osmotic pressure that vary significantly. The black segments at the top are
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FIG. 3. The glucose and electrolytes of serum in patients with diabetic acidosis
before treatment.
glucose; the remainder of each column is the concentration of sodium. On
this are superimposed from below upward, chloride in white, bicarbonate
in vertical lines, and the undetermined anions, in this case chiefly ketone
bodies and therefore potential bicarbonate, stippled. The first and most
striking feature is the enormous size of the glucose component. Actually
the effective osmotic pressure of the serum is not diminished, as the con-
centration of sodium would indicate, but is increased. The cells are,
therefore, desperately dehydrated, and the extracellular volume, even in its
160
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depleted state, is sustained chiefly by water stolen from the cells. If this
glucose were instantly burned, the amount of water withdrawn by the cells
from the extracellular fluid might be disastrous. Second, comparison of
sodium and chloride shows that they have been approximately equally
affected by the dilution. Comparison of the bicarbonate and potential bicar-
bonate columns illustrates the point made earlier, that the reduction of
bicarbonate is referable chiefly to replacement of this anion by ketone acids.
Glycogen
Glucose-l-phosphate
Glucosekinase IF
Glucose
/ Glucose-6-phosphate
Fructose Fructosekinasea Fructose-6-phosphate
Fructose-1:6-phosphate
Pyruvic acid
co2+ H 0
2 2
FIG. 4.
The sum of existing bi-
carbonate and potential
bicarbonate is not seri-
ously reduced even in the
patient who had only 1.3
mEq. of bicarbonate in
the serum.
From the standpoint
of carbohydrate metabo-
lism, fat metabolism, ke-
tosis, and destruction of
protein, the first desid-
eratum is to restore as
rapidly as possible the
ability to oxidize carbo-
hydrates. The most obvi-
ous and the only undis-
puted measure for this
purpose is theadministra-
tion of generous amounts
of insulin. It has been the
impression of other competent observers and myself that frequent moderate
doses, 50 units or less, are more effective than the same amount of insulin
given in larger doses at longer intervals. The most important general guide
is the blood sugar, evaluated in relation to the amount of sugar given.
The propriety, desirability, or necessity of giving glucose has been
regarded by many as an all-or-none question, to be considered not on the
basis of physiological knowledge, but of emotional inclinations. There can
be no doubt that it facilitates the combustion of carbohydrate; to this
extent hyperglycemia may be regarded as a protective or adaptive reaction.
On the other hand, glucose and the hyperglycemia it inducer' or enhances
promote polyuria, loss of salt, and dehydration-undesirable features. To
meet this objection larger amounts of salt might be given. Although the
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concentration of sodium in the serum is low, this is not a true measure of
sodium depletion for the reasons given above. There is actually, in most
cases, a greater deficiency of water than of salt. If, then, only saline solution
is given to overcome the dehydration, when the hyperglycemia is abolished
and the cells take back their water, the concentration of sodium in the
serum will rise above normal. With such treatment, for example in the
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tose and glucose in two patients with severe diabetic
ketosis. Blood glucose is illustrated by solid lines;
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intravenously in 10 minutes at the times indicated.
series of Danowski and associates,' values for sodium as high as 155 mEq.
per liter were encountered. This means that the dehydration of the cells is
prolonged, which should not be conducive to optimum metabolic activities.
A certain amount of water in excess of salt is desirable. To provide this,
the administration of either a sugar solution or a hypotonic salt solution is
necessary. The latter, advocated by Butler,2 if the hypotonicity is tempered,
is a rational and safe procedure, but one that runs counter to conventions.
It has been demonstrated that this dilemma can be escaped by the substi-
tution of fructose for glucose (Figure 4). The cellular metabolism of
glucose, and perhaps its entrance into cells, is effected by an enzyme,
glucosekinase, that requires the presence of insulin for its activation. The
utilization of fructose, on the other hand, is initiated, at least in the liver,
by a separate enzyme, fructosekinase, which does not require the interven-
tion of insulin. Fructose, moreover, enters the oxidative pathway at a morc
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advanced point than glucose does. Finally, from the liver glucose can be
returned directly to the blood by phosphatase, whereas fructose can escape
only by the circuitous reverse path of conversion to glucose. Fructose is
therefore removed from the blood of the patient with diabetic acidosis as
rapidly as it is from the blood of a normal person. This is illustrated in
Figure 5 from the paper of Darragh et al.' Moreover, perhaps because of
the advanced point at which it enters the chain of oxidative reactions, a
certain proportion of it can be utilized. Although it may contribute to blood
glucose, if given rapidly, moderate amounts produce little or no hypergly-
cemia. This is illustrated in Figure 6 from the same paper. Fructose solu-
tion is, therefore, an ideal vehicle for the parenteral administration of water
TABLE 2. SERUM BICARBONATE-MEQ. PER LITER
Minutes
0 120 240
NORMALS
Acetate (11) 25.2 30.5 28.8
Bicarbonate (6) 25.6 31.3 29.8
DIABETICS
Acetate (8) 24.7 29.5 27.7
Bicarbonate (6) 24.2 29.1 28.3
in diabetic acidosis and at the same time provides some utilizable sugar. It
must be administered parenterally because it is largely converted to glucose
in the process of absorption from the gut. We have used for some time a
mixture of equal parts of 5% fructose and normal saline. We do not pre-
sume to claim that these are ideal proportions, but they have proved
generally satisfactory. When the blood sugar approaches normal under the
influence of insulin, glucose should be substituted for fructose to avoid
hypoglycemia.
Fructose is also preferable to glucose as a parenteral sugar for diabetics
without acidosis. We recently maintained such a patient for many days by
a continuous infusion of fructose, providing all the carbohydrate required
to spare protein wastage and prevent ketosis, without provoking hypergly-
cemia or glycosuria and without insulin.
Some doubt was expressed earlier in this discussion about the necessity
for giving sodium bicarbonate in diabetic acidosis since the potential bicar-
bonate (sodium not combined with chloride) is relatively well preserved in
this condition. Bicarbonate has been advocated for another reason. There is
some evidence that it may accelerate the utilization of carbohydrate. Para-
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doxically enough, it has also been found that alkalosis provokes ketosis.
Although the central position of 2-carbon groups in the intermediary
metabolism of carbohydrate and fat had been postulated by various investi-
gators for a long time and the utilization of acetate had been demonstrated,
participation of such 2-carbon groups in normal metabolism was not gen-
erally accepted because it was impossible to detect their presence in appreci-
able quantities in blood or tissues. Now that their participation has been
unequivocally established it is evident that these acetyl groups, like
ammonia, are so chemically or biologically active that, although they are
being continually formed, they are as rapidly removed. There is then no
acetyl pool as there is no ammonia pool.
TABLE 3. BLOOD SUGAR-MG. PER CENT
Minutes
0 120 180 240
NORMALS
Acetate (9) 73 73 77 78
Bicarbonate (6) 82 84 83 82
DIABETICS
Acetate (10) 217 196 191 187
Bicarbonate (6) 215 185 183 181
Nevertheless, Lipsky and associates" attempted to ascertain whether
intravenous administration of large quantities of sodium acetate would
divert the metabolism into any particular channels. Twenty mg. of the salt
were injected rapidly into normal subjects, patients with mild diabetes who
did not require insulin, and patients with more severe diabetes from whom
insulin was withheld during the day of the injection. The results can be
only briefly capitulated. So far as the acid-base and electrolyte equilibria
were concerned, the acetate was so rapidly removed that it had precisely the
same effect as an equivalent amount of sodium bicarbonate on the sodium,
CO2 and Cl of the serum (Table 2). The acetate injections were, therefore,
paralleled by injections of equivalent quantities of bicarbonate. The identity
of the reactions to acetate and bicarbonate was just as evident in the inter-
mediary metabolic reactions as it was in the electrolyte equilibria. Neither
had any appreciable effect on the blood sugar of the normal individuals nor
the mild diabetics with normal blood sugars (Table 3). Both definitely
depressed the blood sugars of the severe diabetics with initial hypergly-
cemia, suggesting a beneficial effect on carbohydrate utilization. Both
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increased the ketonemia of normal and mildly diabetic subjects slightly, but
significantly. On the other hand, they increased the ketonemia of the more
severe diabetics quite appreciably (Table 4). Reasons for the absence of
any apparent specific effect of the acetate ion there is not time to discuss.
It is, however, hard to build up from the experiments any very cogent
argument for the administration of alkali in the treatment of diabetic
acidosis, in the early stages at least, in behalf of the metabolic disorders.
It has been stated that blood sugar is the best running guide for the
conduct of treatment. Urine sugar is unsatisfactory because collection of
urine from patients in diabetic acidosis is too uncertain and analysis of
TABLE 4. BLOOD KETONE BODIES-MG. PER CENT
Minutes
0 120 180 240
NORMALS
Acetate (8) 1.8 2.0 2.5 3.2
Bicarbonate (6) 1.8 1.6 1.6 1.4
MILD DIABETICS
Acetate (5) 2.0 2.8 3.5 3.5
Bicarbonate (4) 3.1 2.6 4.3 3.8
SEVERE DIABETICS
Acetate (4) 19.3 26.2 29.0 30.7
Bicarbonate (2) 29.3 32.5 35.9 37.6
urine gives no information about the immediate status. The introduction of
an inlying catheter with the possibility of infection is unjustifiable even
with antibiotics available.
Since nausea and vomiting, outstanding features of diabetic acidosis, can
only aggravate dehydration and salt depletion, nothing should be given by
mouth until the patient is conscious and has been free from nausea and
vomiting for some time. There is no reason to resort to tubes or to empty
the stomach. The saline contents of the gastro-intestinal tract are as useful
as any other fluids.
No other disorder can in such a brief period cause a more profound state
of dehydration. Circulatory collapse is an ever-present danger. The patient
with diabetic acidosis therefore should be grouped at once for transfusion,
and blood should be ready for immediate use if required. If initial collapse
does not respond rapidly to administration of fluids, transfusion should not
be delayed. The administration of fluids should, however, be continued
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simultaneously. The object of transfusion is to expand the volume of the
circulating blood, not only by the increment of blood injected, but also by so
improving the state of the circulation that it will pick up fluid from the
tissues. This latter object is defeated if the extracellular fluid is depleted.
Attention has been called to the necessity of providing carbohydrate more
rapidly when the blood sugar concentration diminishes. The rate of admin-
istration of insulin should be retarded at the same time. A hypoglycemic
reaction during recovery is hazardous.
Early in the development of acidosis the excretion of potassium and
phosphate increases, though their concentrations in the serum do not fall.
This discharge which clearly emanates from the cells and is out of propor-
tion to the destruction of protein is probably connected with the impairment
of carbohydrate combustion. As the condition advances and renal function
suffers, the excretion of potassium and phosphate diminishes and their
concentrations in the serum rise. In severe acidosis they are, therefore,
more often high than low. As hydration is restored, their concentrations
are reduced by the processes of dilution and accelerated excretion. When
carbohydrate combustion is resumed, the cells begin to take up both potas-
sium and phosphate, especially the latter, with such avidity that the serum
may contain only traces of phosphate, and potassium may fall to 2 mEq.
per liter or less. The hypopotassemia may give rise to serious symptoms,
of which the chief are extreme weakness, collapse, and heart failure. The
frequency and danger of this condition have, I believe, been exaggerated
and many claims for miraculous recovery after injections of potassium are
not justified by the evidence. There can be no doubt, however, that hypo-
kalemia constitutes a distinct hazard and should be prevented by injection
of potassium salts. Although frequent measurements of blood sugar are the
best index of the success of treatment, they should be interspersed with
measurements of bicarbonate, chloride, sodium, and potassium. Sole reli-
ance for evaluation of potassium should not be placed on the electro-
cardiogram because this is not specific and because cardiac disorders should
be anticipated and prevented. With modern methods an electrolyte analysis
can be completed in an hour or less. If the serum potassium falls below
3.5 mEq. per liter, injection of potassium is indicated; 90 mEq. is ordi-
narily a satisfactory dose, though it may be necessary to repeat this. It
should be given highly diluted in glucose or saline at a slow rate, with the
blood flowing freely through the vein, since, if the potassium reaches a high
concentration in the vein, it causes excruciating pain. Since phosphate is
also greatly depleted, the use of potassium phosphate instead of the chloride
appeals to the chemical esthetic sense, although the deficiency of phosphate
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appears to have no deleterious effects. As soon as the patient can take a
mixed diet, danger of hypokalemia is eliminated.
A certain number of patients will continue to die with diabetic acidosis
as a result of the infection or other complication which precipitated the
acidosis or because treatment is delayed until the subject is in a state of
irreversible shock. Mortality can be reduced if the latest knowledge and
technical facilities are utilized. The principles of prevention and therapy
have been outlined. They should not, however, be reduced to a stereotyped
routine. Details of their application must be individualized. Diabetic acidosis
is an urgent state and its treatment must be intelligently and energetically
conducted.
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